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ABSTRACT
AIM: To examine whether precuneus subserves the attentive control of finger movement or whether it mediates the
movement preparation and motor inhibition.  METHODS: In the Preparation Stage, subjects were shown with a 5-
number string in which each number stood for a key-pressing response, the number strings included a complex
pattern (eg, 4-1-4-2-3), or a simple one (eg, 2-2-2-2-2), or a null one (ie, x-x-x-x-x).  In the Execution Stage, five
reaction signs were presented one by one and subjects were required to press the corresponding key to each sign
sequentially (eg, in the 4-1-4-2-3 preparation example, subjects press key 4 to the first sign, press key 1 to the
second sign, key 4 to the third sign and so on).  For the null preparation pattern, five numbers, rather than the
reaction signs, were shown at the same pace as in the other two conditions and subjects were to press the corre-
sponding keys.  RESULTS: Left medial frontal gyrus (BA 6) and precentral gyrus (BA 6) were involved in both of
the Preparation Stage and the Execution Stage, whereas left precuneus (BA 7) was activated only in the Execution
Stage.  CONCLUSION: Precuneus mediates the attentive control of finger movement, but not the movement
preparation or motor inhibition.
INTRODUCTION
The posterior part of the parietal cortex, including
the precuneus, has been reported to be active during
tasks involving motor imagery, implicitly[1-3] or explic-
itly[4].  In particular, the precuneus was observed to be
more responsive during motor imagery of finger move-
ment than during real execution of the movement [5,6].
For example, in their recent neuroimage study in which
the imagery performance could be objectively assessed,
Hanakawa et al observed stronger activation in precu-
neus during motor imagery of finger movement than
during execution[6].  However, it is still unclear whether
the precuneus subserved the attention to hand-centered
space or the motor inhibition in motor imagery.  On one
hand, precuneus may subserve the attention to hand-
centered space in motor imagery[6], given (a) the imag-
ery of finger movement calls for more hand-centered
spatial attention than the real execution of finger
movement, and (b) precuneus may correspond to the
parietal area V6a in nonhuman primates and this area is
known to mediate the detection self-motion[7].  On the
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other hand, precuneus may subserve motor inhibition,
given the imagery of finger movement involved more
components of inhibition on explicit motor response than
the real execution.  Besides, other functions such as
preparation for movement, passive observations of
action, and mental operations of sensorimotor repre-
sentations are also possible, because motor imagery is
defined as the mental simulation of a motor act[8-10] and
this definition can include those processes.
In this fMRI (functional magnetic resonance
imaging) study, we examined the role of precuneus in
finger movement by using a preparation-execution task.
In the Preparation Stage, we showed subjects 5-num-
ber strings in which each number stood for a key-press-
ing response (number 1, 2, 3, 4 represented the first,
second, third and fourth keys pressed by the index,
middle, ring, and little fingers of the right hand
respectively).  Number strings could include a complex
pattern (eg, 4-1-4-2-3) in the Complex Preparation Con-
dition (CPC), or a simple one (eg, 2-2-2-2-2) in the
Simple Preparation Condition (SPC), or a null one (x-x-
x-x-x) in the Null Preparation Condition (NPC).  In the
Execution Stage, five reaction signs (the mark of “!”)
were presented one by one and subjects were required
to press the corresponding key to each sign sequentially.
For example, in the above-mentioned CPC example, 4-
1-4-2-3, subjects pressed key 4 to the first sign, pressed
key 1 to the second sign, key 4 to the third sign and so
on.  In the Execution Stage of NPC, five different
numbers, instead of the reaction signs, were shown at
the same pace and subject were asked to press the cor-
responding keys.
In the Preparation Stage, relative to NPC, CPC
and SPC evoked the processes of number-string en-
coding and movement preparation.  Because subjects
were required not to response in this stage, CPC and
SPC in the Preparation Stage also involve components
of motor inhibition.  The contrast of CPC with SPC in
the Preparation Stage could highlight the areas involved
in the processes of converting the number into corre-
sponding key-pressing response and that of complex
movement preparations.  In the Execution Stage, sub-
jects conducted the corresponding responses when they
saw the reaction signs.  CPC and NPC contained com-
plex key-pressing patterns that included different
numbers; whereas SPC contained simple ones-subjects
who invariably pressed the same key when saw the re-
action signs.  Therefore, the Execution Stage of CPC
and NPC called for more attentive control of finger
movement relative the SPC.
We predicted that, if the precuneus functioned as
attention to hand-centered space, then it would only be
involved the Execution Stage when the CPC or NPC
were contrasted with SPC.  However, if the motor in-
hibition or movement preparation hypothesis of precu-
neus were correct, then the precuneus will be activated
in both of the Execution Stage and of the Preparation
Stage — when CPC and SPC were contrasted with NPC
in their Preparation Stage.
MATERIALS  AND  METHODS
Subjects  Seven healthy, right-handed volunteers
(4 female and 3 male), aged from 21 to 23, participated
in this experiment.  Subjects were interviewed one or
two days before they attended the fMRI experiment
and given informed consent in accordance with the MRI
ethics committee guidelines of the Electrotechnical
Laboratory (now Neuroscience Research Institute),
National Institute of Advanced Industrial Science and
Technology.
Tasks  There were three kinds of trials in the
experiment, the Complex Preparation Condition (CPC),
the Simple Preparation Condition (SPC), and the Null
Preparation Condition (NPC) (Fig 1).  There was a
Preparation Stage and an Execution Stage on each trial.
In the Preparation Stage of CPC, subjects encoded a
complex number string like 2-4-3-2-1 for 2500 ms fol-
lowed by a 1000-ms cross-viewing delay.  Each num-
ber in the string stood for a key-pressing response,
number 1, 2, 3, and 4 represented the first, second,
third, and fourth keys on the response box pressed by
the index, middle, ring, and little fingers of the right
hand respectively.  In the whole experimental session,
subjects were required to slightly put their fingers on
the corresponding response keys.  The response re-
cording system with optics fibers was adjusted to high
sensitivity level that it could detect any slight finger
movements.  Through this way, we ensured that sub-
jects did not move their fingers during the Preparation
Stage.  In the Execution Stage, subjects pressed the
corresponding key when they saw the five reaction signs
(“!” mark) sequentially presented at the pace of 1700
ms per sign (1000 ms sign presentation +700 ms cross-
viewing delay), the final (the fifth) reaction sign was
followed by 1500-ms unfilled delay.  In the Preparation
Stage of SPC, subjects viewed a simple number string
like 2-2-2-2-2, and pressed the same key when they
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saw the reaction signs in the Execution Stage.  In the
Preparation Stage of NPC, subjects encoded a null string
x-x-x-x-x that did not have meaning.  In the Execution
Stage, five different numbers, rather than the reaction
signs, were shown one by one and subjects were to
press the corresponding keys.  There were two blocks
in each condition and each block contained 12 trials,
so, there were 24 trials in each condition.  The six blocks
were presented in the sequence of CPC-SPC-NPC-SPC-
NPC-CPC.  To familiarize the subjects with the proce-
dure and pace of the task, they were trained with an-
other set of similar materials in the same procedure be-
fore the formal experiment.
fMRI scanning  All scanning was performed on
a 3.0-T MRI Scanner (GE 3T Sigma) equipped with
echo planar imaging (EPI) capability.  Eighteen axial
slices (5.5-mm thick, interleaved) were prescribed to
cover the whole brain.  A T2* weighted gradient echo
EPI was employed.  The imaging parameters were
TR=2500 ms, TE=35 ms, FA=80 degrees, FOV=20
cm×20 cm (64 mesh×64 mesh).  To avoid head
movement, subjects were asked not to talk during
scanning, and to wear a neck brace.
fMRI data analysis  The image data of the seven
subjects were analyzed by SPM99.  Images data of each
subject were individually pre-processed (timeslice
adjusted, realigned, normalized, and smoothed).  The
spatially pre-processed data of seven subjects were then
estimated to establish a fixed-effects model.  Conjunc-
tion analysis, which is used to make inferences about a
population from a relative small number of subjects[11],
was conducted to examine the differences between
conditions.  Given in both the Preparation Stage and the
Execution Stage, the stimulus were presented in short
duration and each stage contained complicated mental
events, both stages were defined as small epochs/blocks
modeled with boxcar.  Length of the epoch for the
Preparation Stage was 3500 ms and that for the Execu-
tion Stage was 8500 ms.  There were six types of blocks
in all (2 stages [the Preparation Stage, the Execution
Stage]×3 conditions [CPC, SPC, and NPC]).  The
threshold was set at P<0.001 (uncorrected for multiple
comparisons) and four or more contiguous voxels.
Locations reported by SPM were converted into
Talairach coordinates[12] by the transform specified in
the mni2tal.m program[13].  These coordinates were used
to determine the nearest gray matter (region and corre-
sponding Brodmann area) using the Talairach Daemon
program version 1.1 with the maximum range of 11 mm[14].
RESULTS
The Preparation Stage  To define the neural net-
work involved in movement preparation, we contrasted
the Preparation Stage of CPC and SPC to that of NPC.
Relative to NPC, the Preparation Stage of CPC and SPC
were associated with activities in left medial frontal gyrus
and precentral gyrus.  The contrast of the CPC and
SPC in the Preparation Stage revealed that the CPC was
associated with more activities in left inferior frontal
gyrus (BA 9) (Tab 1, Fig 2).
The Execution Stage  In the Execution Stage,
relative to SPC, both CPC and NPC showed extra ac-
tivities in left medial frontal gyrus, precentral gyrus,
and precuneus (Fig 3, Tab 2).  The only detectable dif-
ference between CPC and NPC was that NPC was asso-
ciated with left inferior frontal gyrus activity (Fig 4).
Fig 1.  Examples of task.  There were three kinds of trials,
the Complex Preparation Condition (CPC), the Simple
Preparation Condition (SPC), and the Null Preparation
Condition (NPC).  In each trial, there was a Preparation
Stage in which subjects encoded a number string standing
for a key-pressing response sequence, and an Execution
Stage in which subjects pressed the corresponding keys
once seeing the reaction signs (“!”).  For CPC, subjects
encoded a complex number string; for SPC subjects en-
coded a simple one; and for NPC, subjects encoded a null
string x-x-x-x-x that did not have meaning; in the Execu-
tion Stage of NPC, five different numbers, instead of the
reaction signs, were shown one by one and subjects pressed
the corresponding keys.
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DISCUSSION
In the present study, four critical areas were
highlighted, they were: left inferior frontal gyrus (BA
9), left medial frontal gyrus (BA 6), left precentral gy-
rus (BA 6), and left precuneus (BA 7).  These areas
showed three different response patterns in our experi-
mental situation.
Firstly, left medial frontal gyrus (BA 6) and left
precentral gyrus (BA 6) was involved in both the Prepa-
ration Stage and the Execution Stage, they were acti-
vated when the motor preparation conditions (CPC and
SPC) were contrasted with null preparation condition
(NPC) and when complex response patterns (CPC and
NPC) were contrasted with simple ones (SPC).  This
result was consistent with the observation that these
areas participated in both motor movement and motor
movement imagery[15].
Secondly, left inferior frontal gyrus (BA 9) was
Tab 1.  List of locations that showed significant difference in the Preparation Stage.
      Number of voxels       Z                Talairach coordinates (x, y, z)                                 Area
     Preparation Stage: (CPC+SPC)>NPC
295  Inf   -2   -5 56 L Medial Frontal Gyrus, BA 6
  35 6.34 -32 -14 60 L Precentral Gyrus, BA 6
   4 5.41 -53    6 40 L Middle Frontal Gyrus, BA 6
     Preparation Stage: CPC > SPC
160  Inf -48    7 31 L Inferior Frontal Gyrus, BA 9
L, left; R, right; BA, Brodmann area.  Inf: Z value is infinite.  Voxel size: 2.0 mm×2.0 mm×2.0 mm.
Fig 4.  Area showed significant difference in the Execution
Stage between NPC and CPC.  Thresholded at P<0.001
(uncorrected).  A: Left inferior frontal gyrus (BA 9).
Fig 2.  Areas showed significant difference in the Prepara-
tion Stage.  Thresholded at P<0.001 (uncorrected).  A: Left
inferior frontal gyrus (BA 9); B: Left medial frontal gyrus
(BA 6); C: Left precentral gyrus (BA 6).
Fig 3.  Areas showed significant difference in the Execution
Stage.  Thresholded at P<0.001 (uncorrected).  A: Left infe-
rior frontal gyrus (BA 9); B: Left medial frontal gyrus (BA
6); C: Left precentral gyrus (BA 6); D: Left precuneus (BA
7).
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also involved in both the Preparation Stage and the Ex-
ecution Stage.  It was activated in the complex motor
preparations (CPC) and in the Execution Stage of NPC
in which the numbers, instead of reaction signs, were
presented.  Given it was well established that this area
mediated various types of semantic processing[16-21], the
function of left inferior frontal gyrus in the present study
might be related to the number encoding process in
which the numbers were verbally processed and inter-
pretively converted into the representation of corre-
sponding key-pressing pattern.
Finally, left precuneus was only involved in the
Execution Stage of complex response patterns (CPC
and NPC).  Precuneus was known to participate in
visuospatial tasks, including eye movement[22], displace-
ment of visual attention[23,24], spatial working memory[25-27],
mental imagery[28], mental rotation of three-dimensional
objects or body parts[29-31], and mental navigation on an
internal map[32].  Precuneus was also proposed to medi-
ate the shifting of spatial attention between feature di-
mensions[33], locations[34], or multiple items that were
maintained in working memory[35].  In the Execution
Stage of the complex key-pressing response patterns
(CPC and NPC), subjects continuously shifted their at-
tention to the presented reaction signs and made the
suitable finger movements; this response pattern chal-
lenged the precuneus.
Precuneus was observed to be more responsive
during motor imagery of finger movement than during
real execution of the movement[6].  But given motor
Tab 2.  List of locations that showed significant difference in the Execution Stage.
       Number of voxels        Z                  Talairach coordinates (x, y, z)                 Area
      Execution Stage: CPC > SPC
622     Inf -30 -12 61 L Precentral Gyrus, BA 6
    Inf -32 -13 52 L Precentral Gyrus, BA 4
    Inf -44 -29 36 L Postcentral Gyrus, BA 2
160     Inf -18 -75 46 L Precuneus, BA 7
111     Inf   -4   -3 52 L Medial Frontal Gyrus, BA 6
  45    6.91 -32 -43 37 L Inferior Parietal Lobule, BA 40
    8    5.95  34 -20 62 R Precentral Gyrus, BA 4
  12    5.66  30 -68 44 R Precuneus, BA 19
    8    5.55 -48 -39 41 L Inferior Parietal Lobule, BA 40
    4    5.53  28 -15 56 R Precentral Gyrus, BA 6
    6    5.48 -28 -65 51 L Superior Parietal Lobule, BA 7
    9    5.26  40 -43 37 R Supramarginal Gyrus, BA 40
      Execution Stage: NPC > SPC
  60    Inf   -4    1 53 L Medial Frontal Gyrus, BA 6
  67    7.5 -32 -11 59 L Precentral Gyrus, BA 6
   6.7 -32 -15 52 L Precentral Gyrus, BA 4
   6.16 -28   -5 50 L Middle Frontal Gyrus, BA 6
  27    7.46 -38 -16 62 L Precentral Gyrus, BA 4
  87    7.27 -22 -77 46 L Precuneus, BA 7
    7 -30 -72  42 L Precuneus, BA 19
    6    6.82  22 -11 59 R Middle Frontal Gyrus, BA 6
  11    6.54 -53    9 31 L Inferior Frontal Gyrus, BA 9
    8    6.2 -42 -29 35 L Postcentral Gyrus, BA 2
  18    5.8 -46    0 42 L Precentral Gyrus, BA 6
    4    5.55 -34 -41 37 L Sub-Gyral, BA 40
      Execution Stage: NPC > CPC
    6    5.44 -46    7 27 L  Inferior Frontal Gyrus, BA 9
L, left; R, right; BA, Brodmann area.  Inf: Z value is infinite.  Voxel size: 2.0 mm×2.0 mm×2.0 mm.
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imagery could evoke both the process of attention to
hand-centered space and the process of motor inhibition,
the exact function of precuneus is still unclear.  Our
results that left precuneus was only activated in the
Execution Stage when the execution of complex key-
pressing sequence (CPC and NPC) was compared with
that of the simple key-pressing sequence (SPC), proved
that the function of precuneus in motor movement was
the attentive control of finger movement, rather than
the movement preparation or inhibition.  However, one
may argue that absence of precuneus activation in the
Preparation Stage was attributed to the possibility that
subjects might not do movement preparation in this
stage.  In other word, subjects might simply maintain
the number string in their working memory in the Prepa-
ration Stage, and then, in the Execution Stage, they re-
trieved the corresponding number when they saw the
reaction signs, converted the numbers into specific key-
pressing responses, and performed these responses.  But
his hypothesis was inconsistent with several lines of
evidences.  Firstly, subjects reported that they always
did movement preparation in the Preparation Stage and
executed these preparations in the Execution Stage.
Secondly, in the Preparation Stage, when compared with
NPC, both CPC and SPC had significant activities in
left medial frontal gyrus and precentral gyrus.  These
areas could be activated only when subjects did some
movement-related preparations.  If they simply remem-
bered the number string, then a different neural network,
ie, the areas involved in working memory encoding (eg,
left ventral prefrontal cortex and medial prefrontal
cortex) would be highlighted.  Finally, if subjects sim-
ply memorized the number string in their mind during
the Preparation Stage and retrieved the corresponding
number in the Execution Stage, then, the Execution Stage
of CPC, relative to that of NPC, should at least involve
the areas subserved in working memory retrieval.
However, the Execution Stage of CPC was not associ-
ated with any super-threshold activities relative to that
of NPC.  Based on these considerations, we thought
the lack of difference in precuneus in the Preparation
Stage could not be attributed to the possibility that there
was no movement preparation in this stage.
Other possibilities, such as eye movements, which
were known to evoke the activities in precuneus, were
also implausible, because the three conditions contained
the same visual stimulus pattern and our subjects were
required to fix their eyes on the center of the screen.
However, there was not a motor imagery condi-
tion in the present study, we still could not directly con-
trast the complex motor movement with the motor
imagery.  Further studies are needed to compare the
process of attention to hand-centered space and the in-
volvements of precuneus in complex motor movement
and in motor imagery.
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